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a  proce.a  for  Tr  ?J™X 

Results . 

and  operated. 

Concluslona. 

be  sealed  up,  i?tof££^TIJ£ti!£  ^“Se^oJae^d^  °“ 

1.  Use  of  only  dry  ammonium  sulfate. 

2.  Use  of  an  efficient  exhaust  scrubber. 

Recommendations . 

None,  since  immediate  requirements  for  thickened  FS  were  met. 
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THICKENING  OF  FS  (U) 


I.  INTRODUCTION. 

A«  Object. 

The  object  of  project  ]*-92-03-012  was  to  investigate,  design, 
develop,  and  operate  pilot  plants  for  the  production  of  CW  agents. 

The  object  of  the  work  described  in  this  report  was  to  develop 
a  process  for  thickening  FS  and  to  prepare  sufficient  material  for  field  tests. 

B.  Authority. 

Authority  for  this  work  was  contained  in  the  19$$  project 
program.  Project  U-92-03-012,  CW  Agent  Pilot  Plants. 

II.  DEVELOPMENT  OF  PROBLEM. 

The  need  of  thickened  FS  became  apparent  in  World  War  n ,  when 
it  was  desired  to  produce  large  smoke  curtains  (from  300  to  1*00  ft.  altitudes) 
rather  than  smoke  screens  ($0  to  100  ft.).  Also,  with  faster  planes,  it  was 
desirable  to  disseminate  smoke  screens  from  higher  altitudes. 

Ammonium  sulfate  was  a  satisfactory  thickener  for  FS  and  also 
was  the  cheapest  of  the  salts  that  were  tried. 

It  was  reported  that  no  reduction  in  the  amount  of  smoke  re¬ 
sulted  from  the  dissolution  of  up  to  1$%  ammonium  sulfate  in  FS.  It  was 
preferable,  but  not  essential,  to  the  ammonium  sulfate  thoroughly  dry  before 
mixing  with  FS.  The  drier  the  salt,  the  less  heat  was  evolved.  The  production 
of  heat  was,  however,  not  necessarily  a  disadvantage,  as  solution  was  thereby 
accelerated  (1).  J 

A  viscosity  of  $0  to  100  centipoise  at  the  temperature  of  spraying 
was  estimated  to  be  the  optimum.  At  higher  viscosities  drops  would  become 
^00_^ar2e  anc*  ^lus  settle  too  fast.  A  $%  to  9%  ammonium  sulfate  concentration 
in  FS  was  required  to  produce  this  viscosity.  Data  showing  the  relationship 
between  the  ammonium  sulfate  concentration  and  the  viscosity  of  thickened  FS 
at  various  temperatures  (l,  2,  3)  are  shown  in  table  1  and  plotted  in  fig.  1. 
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Table  1 


Viscosity  of  Thickened 


Ammonium 

Viscosity 

sulfate 

At  0°C. 

At  25°C. 

'  % - 

Cp. 

Cp. 

0 

i*0.0 

9.1* 

2.5 

- 

18.0 

5.0 

230.3 

38.0 

10.0 

1,1*00.0 

155.0 

As  a  result  of  some  work  done  in  19l*l*,  it  was  concluded  '-At 
present,  the  use  of  thickened  FS  does  not  possess  sufficient  advantages  over 
unthickened  material  to  offset  the  difficulties  of  preparation"  (1*).  This 
thickening  was  performed  out  of  doors,  directly  in  the  FS  drum.  Much 
spattering,  fumes,  and  smoke  were  produced.  After  several  additions  of  the 
ammonium  sulfate  and  much  tedious  drum  rolling,  samples  were  taken  and  the 
viscosity  was  determined.  The  process  was  repeated  for  every  drum  required. 

The  procedure  was  long  and  hazardous,  and  variations  of  viscosities  from  drum 
to  drum  were  excessive. 

Because  of  the  previous  difficulties  mentioned  above  and  the 
requirement  for  thickened  FS,  the  following  process  was  developed. 

In  calculating  the  heat  or  cooling  requirements  of  the  system, 
a  heat  of  solution  of  1*5  kg. cal. /mole  was  used  for  the  ammonium  sulfate-FS 
system  (3).  Thickened  FS  with  viscosity  of  21$  centipoise  at  25°C.  was  desired 
for  field  trials, 

III.  EXPERIMENTAL. 

A.  Materials  and  Equipment. 

1.  Materials. 

a.  FS  mixture,  Government  Spec.  JAN-C-379,  approved  8  August 
19h6,  U5%  chlorosulfonic  acid  (CIHSO3)  and  55%  sulfur  trioxide  (SO*).  The 
mixture  was  a  brown  liquid  with  a  density  of  1.90.  ^ 
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Anmoniujn  sulfate  ((NHll)2S01l),  c.p.  grade.  A  shite,  purl- 

fied,  granular  solid  supplied  by  Mallinckrodt  Chemical 
Company  • 

Dowtherm  E.  o-Dichlorobenzene,  an  oil,  clean,  yellowish 
liquid.  It  melts  at  -ii°F.  and  boils  at  1*96°F. 

Water.  As  supplied  from  tap,  suitable  for  drinking. 

Drierite,  calcium  sulfate  (CaSO^).  A  hyroscopic  material 
supplied  by  Hammond  Drierite  Company. 

ijpment.  (See  fig.  2.) 

^O-gal.  Glass-lined  jacketed  Pfaudler  reactor  with" a 
glass-lined  head,  gless-coated  anchor- type  agitator,  and 
glass-coated  thermometer  well.  * 

Iron  cold  finger,  1-1/2  in.  by  6  ft.,  with  a  3-in.  by  5-ft. 
reactor^33  Attached  to  3-in.  flanged  opening  on 

Hopper  with  screw  feed,  a  1-in.  brass  spiral  screw  driven 

rnnVeaf  ^ tUrning  at  S7-5  r*P*nu  The  hopper  was 
constructed  of  16-gage  sheet  metal  with  a  Incite  top; 

Dowtherm  cooling  system,  which  consisted  of  a  six-tube, 

*  by  l/2-in.  water- jacketed  heat  exchanger,  a  1.3-h  n 
Eastern  model  F  circulating  pump,  a  Fis charter  ££o-' 

^ldlcator  a  10-gal. /min,  capacity,  and 

piping  ^  "  PyreX  1163(1  with  necessary  valves  and 

temperature  indicator,  scale  range 
-80  to  +160°C.  di vis ions j  accuracy  $%.  ^ 

Os twald-Fenske -Cannon  viscometer,  ASTM,  calibrated. 

°0?slsting  of  ^pply  drum  on  scales 
with  a  flexible  steel  hose  attached  to  drum  and  line  to 

reactor.  A  1-ft.  by  2-in.  pipe  filled  with  Drierite  was 
attached  to  the  drum  vent  to  dry  the  air  entering  drum. 

^n!?hn+?“FS  Jrum_1°adin€  system,  consisting  of  pipeline 
from  bottom  of  reactor  leading  to  two  drums  on  scales 
attached  with  flexible  steel  hose. 

Scales,  1,000  lb.,  platform  type,  two  each. 

Rubber  gloves,  rubber  aprons,  rubber  buckets,  gas  masks. 
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B.  Procedure. 

1.  Thickening  FS. 


The  reactor  was  inspected  to  insure  that 
The  N2  purge  was  started,  the  cooling  water  was  tumsd  on  *  ^  and  dry* 

circulated  through  the  condenser.  A  55-gal  d^^?ps  D°wthera  was,  - 

v'i'Jr 

°"e  ttae’  4,16  «***  «*  the  scale  indicating  tte  waTeX^4  “ 

in  the  hopper  toLTZ^periu^fa^ded  ^  T18^  °“l  and  Placed 

and  then  the  feed  screw  drive  was  started  T  'fU’5^01'  a6ltator  "as  started, 
by  varying  the  rtieostat  settinTon  t?e  "fUted 

bv  the  temperature  of  the  exothermic  tp<;_/'ww,  \  cm  ^  screw,  was  dictated 
ature  of  the  reaction  rose  to  35°  cold  TW+>t  2S°^  reaction*  ^e*1  the  temper- 
reactor  iacket  Thon  S?  °old  Dowtherm  was  circulated  through  the 

was  tXtL  ^^t^SSrSeWB^l0,rednt0  ^  aad 

used  to  indicate  this  flow.  AfterttL  D  wtherm  f^ow*.  A  flowmeter  was 

added,  the  mixture  was  cooled  during  agitation  to^1  °f  had  been 

skjwkix  a  «-  *”r 

a.  «_  SSTSu?.5*Si£*'  — 

•  Analytical  Procedure. 

Ostwald-Fenske-Cannon  ASTM^sfoiSter1110^6^!^151  W?S  measured  with  an 
and  drying  tubes  filled  with  IkiSe  „er,  paaCed  in  the  tube, 

Material  was  pulled  into  the  measuring  bulk^i^  the  °Penin€s-  The 
drying  tube.  The  ASM  method  was  emnloveAnV?31'7^  suction  through  a 
good  cheeks  were  obtained  on  each  sSple  with  d®terrranf  the  viscosity.  Three 
at  the  start  and  the  finish.  Pl  *  with  temperature  readings  recorded 

3.  Safety  Precautions. 

before  and  aftefSif  thickening ^esSPr°Sen  °CCU^  T*  handling  the  FS 
was  taken  because  of  the  rapid  emluttoA  of  L  the  FS  drums>  °are 

gloves,  and  rubber  aprons  were  worn  at  thif  LLt”  s2^:  °aS  maka>  rabber 
of  the  viscosity  were  also  done  while  wearing  and  deter»nination 

contact  between  FS  and  the  skin  would  resuH^n « 5?tlVe  equipment.  Any 
maximum  protection  was  provided.  serious  bums,  and,  therefore, 

C.  Results. 

aaad/S  Prcparedtyethi3ipicciss.reSiiSmt^Sdwfr°”11f0'lr  batches  °f  *W<*- 

abeled,  and  submitted  for  use  in  field  test.  33  placed  ***  drums,  sampled, 
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Table  2 

Results  of  Thickening  FS  With  9%  Ammonium  Sulfate 


Batch 

FS 

Product 

Lot 

Weight 

Drum 

Amount 

delivered 

Viscosity 

lb. 

lb. 

lb. 

cp. 

OC. 

1 

1 

726 

72 

Tl-1 

771 

102 

28 

2 

1 

710 

70 

Tl-2 

760 

97 

29 

3 

2 

738 

73 

T2-1 

803 

80 

32 

h 

2 

71*7 

Ik 

T2-2 

823 

80 

32 

IV.  DISCUSSION. 

A.  Reproducibility. 


_a+._  -i  i  t  4.u  Yiscosity  of  US  °P”  at  25  C.  was  desired  for  the  thickened 

vaJ£3aappr lx  ^ ^  P*  t0  35°C*)'  the  ^^cosity 

.  oc^Op  PPfu  ’  •  P  •  °*  Using  ^  CP*/°C.  and  correcting  all  the  viscosities 
to  25°C  the  viscosity  for  each  batch  was  117,  117,  115,  and  115  cp.  re¬ 
spectively.  These  results  were  very  satisfactory  for  field  tests  anriVa t. 
reproducible  than  results  reported  previously  (1*).  It  was  also  found  after*31*6 

SIsrcLS^!  drUM  that  1,16  TlS00Sity  had  n0t  chan8ed  “>»  *  5  cp.  at 


The  loss  in  weight  of  batches  one  and  two  was  due  to  the 
prevent  the  Stod^STof  moistu;e/^^frJeSlti^d^creasehS  losfof  ^ 

E&  3^Tw^f^a«.a"d  2  ™  ^  ------  & 

Process  Operations. 

The  highly  exothermic  reaction  between  ES  and  wate-r  no^QOo-t  +  + 

rxr 


a.  FS  +  HgO  HC1  +  SO3 

b.  SO3  +  1^0  HgSO^ 
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Ihe  ammonium  sulfate  used  contained  traces  nr  . 

also  picked  up  moisture  from  the  atmosrhere  Th-i«  f  ter*  and  it 

the  salt  to  cake  and  bridge  in  the  mDi?ture  content  caused 

up  the  salt  in  the  hopper?  Ihe  scrfw  feed^'i^en^th1^  pe^odic  braking 
occasions  became  plugged  with  "alt  and  had  to  be  cleaned  ^ 

ammonium  sulfate  and  a  method  of  keeping  it  dry  wo^T^teX^m^ty. 

moisture-free  atmosphere?  fItwas^nnlLd°atUthe  th?. s?8*™ '4to  P1-0'’1'1®  a 
prevent  caking  to  some  extent.  PP  ^  salt’feed  inlet,  and  helped 

because  the  dir^t^?™ of ^ate^was  congS-^h^^IT  f°r  equipincnt 
develop  in  the  cold  finger  or  ?  hazardous.  If  a  leak  should 

between  FS  and  water  ^Sld  be  explosive.  ^  jaCket>  the  resulting  reaction 

fumes  during  the  reaction  overlScted  the°s cJubS^1^^ f S.Crubber>  but  the 
system  large  enough  to  handle  all  r^*  ’  An  efficient  scrubbing 

setup.  Water  scrubbing  would  be  satisfactory  il  corros'ion-^sisLnt^uipLt. 

is  an  important  problem?  tThe<use1ofSiTOn  oid,,+b\aboye  indicates  that  corrosion 
especially  for  interm^UenfL^ce  ™  preferred  over  “  alloy, 

table  (2,  W  gives  corrosion  ££%£ 

Table  3 

Corrosion  Rated  With  FS 


Metal 


Iron 


Steel 


Monel 


Continuous  service 

in. /mo. 
72x10“'’ 
Negligible 
72x10“^ 


Intermittent  service 

in. /mo. 

2 00x1 0-^ 

30x10“^ 

UU,  liOOxlO”^ 


mandatory.  F°r  *  l^tallation,  tt.  use  of  steel  would  be 
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A  polyvinyl  chloride  pipe  was  initially  installed  as  a  con¬ 
denser  vent  line,  but  50°C.  the  vapors  were  very  corrosive,  making  immediate 
replacement  necessary  since  the  thermal  plastic  pipe  began  to  sag  badly. 

V.  CONCLUSIONS. 

Ihe  process  presented  for  thickening  PS  is  satisfactory  and  can 
be  scaled  up,  if  the  following  inport  ant  precautions  are  observed: 


1*  Use  of  only  dry  ammonium  sulfate. 

2.  Use  of  an  efficient  exhaust  scrubber. 

VI.  RBCOMMENDAT IONS . 


None,  since  immediate  requirements  for  thickened  FS  were  met. 
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